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JP-11-109388E 

[Title of the Invention] METHOD OF FABRICATING LIQUID 

CRYATAL DISPLAY DEVICE 
[Abstract] 

[Object] There is provided a method of fabricating a 
liquid crystal display device which is capable of preventing 
a liquid crystal from being contaminated and deteriorated by 
a sealant by improving a dropping method that has been 
proposed at present . 

[Solving Means] This method has the constitution formed by 
dropping a desired quantity of liquid crystal (50) under 
reduced pressure inside an ultraviolet or visible curable 
sealant (52) formed on one substrate (12) in a frame shape, 
positioning the other substrate (11) and further decreasing 
pressure to bring the opposite substrates (11 and 12) into 
contact with the sealant (52) to overlap the opposite 
substrates, increasing pressure to form a gap between the 
opposite substrates (11 and 12), and curing the sealant (52) 
before the liquid crystal (50) is diffused to come into 
contact with the sealant (52) . 
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[Claims] 

[Claim 1] A method of fabricating a liquid crystal 
display device, comprising: 

a first step of loading a desired quantity of liquid 
crystal under reduced pressure inside a sealant formed on a 
first substrate in a frame shape; 

a second step of positioning the first substrate to a 
second substrate and bringing the second substrate into 
contact with the sealant to overlap with the sealant; and 

a third step of increasing pressure to cure the sealant 
before the liquid crystal during diffusion comes into 
contact with the sealant. 

[Claim 2] The method according to Claim 1, wherein, after 
the positioning of the second step, the pressure is 
decreased. 

1, 

[Claim 3] The method according to Claim 1, wherein in the 
first step, the liquid crystal is dropped at a plurality of 
points on the first substrate. 

[Claim 4] The method according to Claim 3, wherein the 
sealant includes an ultraviolet or visible curable resin 
adhesive and in the third step, the sealant is cured by 
ultraviolet or visible rays. 

[Detailed Description of the Invention] 
[0001] 
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[Technical Field of the Invention] 

The present invention relates to a method of 
fabricating a liquid crystal display device having a liquid 
crystal display element constructed to overlap two 
substrates at a predetermined interval to encapsulate a 
liquid crystal in a gap between the substrates. 
[0002] 

[Description of the Related Art] 

A liquid crystal display device (or a liquid crystal 
module) is composed of: a liquid crystal display element 
(such as a liquid crystal display section, a liquid crystal 
display panel, or a liquid crystal display) that overlaps 
two insulating substrates made of transparent glass spaced 
apart at a predetermined interval so that stacking surfaces 
of a variety of layers such as transparent pixel electrodes, 
alignment layers etc. are opposite to each other, bonds the 
opposite substrates using a sealant applied around the edge 
between the opposite substrates in a frame shape (in a 
substantially quadrilateral shape) to simultaneously seal a 
liquid crystal between the opposite substrates inside the 
sealant, and attaches polarizers outside the opposite 
substrates respectively; a backlight that is disposed under 
the liquid crystal display element and supplies light to the 
liquid crystal display element; a circuit board for driving 
the liquid crystal display element which is disposed outside 



Hll-109388.doc 



- 4 - 



the outer circumference of the liquid crystal display 
element; a mold frame that is formed of a plastic mold 
supporting the respective members; a metal shield case (or a 
metal frame) that accommodates the respective members, 
covers around the liquid crystal display element and has an 
opening exposing a display region of the liquid crystal 
display element, and so on. 
[0003] 

Figs. 10a to lOe are schematic cross-sectional views 
showing a conventional first liquid crystal encapsulating 
method (or an injecting method), respectively. 

[0004] 

First, as shown in Fig. 10a, alignment layers. (not 
shown in Fig. 10a, but see reference numbers 21 and 22 in 
Figs. 5 and 6) are formed on two substrates, respectively. 
A thermoset sealant (sealant) 52 is applied on the alignment 
layer of the one substrate 12 in a frame shape around an 
edge of the substrate except a portion of a liquid crystal 
injection port. 

[0005] 

Then, spacers (not shown) are dispersed on the 
alignment layer of the substrate 12, wherein each of the 
spacers secures a gap (interval) between the two substrates. 
Then, the other substrate 11 is positioned to the substrate 
12, brought into contact with the sealant 52 before the 
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sealant 52 is cured as shown in Fig. 10b, and laid over and 
bonded with the substrate 12. 
[0006] 

Subsequently, as shown in Fig. 10c, the substrates 12 
and 11 are pressed through two pressurizing plates 13 and 14 
and are bonded by the pre-cured sealant material 52. 
Thereby, an empty cell 60 is fabricated. 

[0007] 

Next, as shown in Fig, lOd, the liquid crystal 
injection port 51 is dipped in the liquid crystal 50 
contained in a liquid crystal dish 17 under reduced pressure. 
Then, the pressure is increased (i.e. returns to an 
atmospheric pressure), the liquid crystal 50 is injected 
into the empty cell 60 by a pressure difference. 

[0008] 

Finally, as shown in Fig. lOe, the liquid crystal 
injection port 51 is sealed by a sealing resin (or an 
adhesive). This liquid crystal encapsulating method is 
called an injecting method. 

[0009] 

Fig. 11a is a schematic cross-sectional view showing a 
conventional second liquid crystal encapsulating method (or 
a dropping method), and Fig. lib is a magnified view of a 
main part of Fig. 11a. 

[0010] 
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First, as shown in Fig. 11a, an alignment layer (not 
shown) is formed on a substrate 12. A sealant 52 is formed 
on the alignment layer of the substrate 12 in a frame shape 
without a liquid crystal injection port. Then, spacers (not 
shown) are dispersed on the alignment layer of the substrate 
12. Subsequently, a desired quantity of liquid crystal 50 
is dropped on a central portion of the substrate 12. Next, 
the substrate 12 is positioned to another substrate 11, laid 
over the substrate 11 through the sealant 52 before the 
sealant 52 is cured. The substrates 12 and 11 are pressed 
through pressurizing plates 13 and 14, and thereby the 
liquid crystal 50 is stretched throughout the substrates. 
The substrates 12 and 11 are bonded by the pre-cured sealant 
material 52. Thereby, an empty cell 60 encapsulated with 
the liquid crystal is fabricated. Hereinafter, this liquid 
encapsulating method is called a "dropping method. " This 
dropping method is disclosed, for example, in a Japanese 
Patent Application Publication No. Showa 63 ( 1988 ) -179323 . 

[0011] 

[Problems to be Solved by the Invention] 

As to the injecting method, because the gap between the 
opposite substrates 11 and 12 has a very narrow interval of 
several urn, it takes a long time from 3 to 10 hours to 
inject the liquid crystal into the narrow interval, which 
causes production efficiency to be lowered and hinders the 
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liquid crystal display element from being formed at a large 
size and with high precision. Furthermore, in the injecting 
method, it is easy to generate contamination of the liquid 
crystal by dipping, waste of the expensive liquid crystal by 
the dipping, mixture of air bubbles into the liquid crystal 
during the injection, vacuum bubbles, and mixture of air 
bubbles during sealing after the injection. Further, in 
order to secure an adhesion at a portion where the injection 
port is sealed, it is necessary to wipe out the liquid 
crystal around. the injection port after the dipping, and to 
cleanse the liquid crystal attached on the gap portion 
between the opposite substrates around the injection port, 
and thereby the number of fabrication processes is increased. 
[0012] 

In order to solve these problems, the dropping method 
has been proposed. However, in the conventional dropping 
method, the sealant is not cured before the liquid crystal 
is brought into contact with the sealant. As such, there is 
a problem in that components of the sealant are eluted to 
the liquid crystal to thereby deteriorate the liquid crystal 
to lower a quality of display, or that the liquid crystal 
leaks out through the sealant (see Fig. lib). For example, 
according to disclosure of Japanese Patent Application 
Publication No. Showa 63 (1988 ) -179323, overlapping the 
other substrate, reducing the pressure, and compressing are 
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performed until the liquid crystal is loaded, diffused, and 
reaches a cross-section of the surrounded sealant. Then, 
the sealant is solidified. 
[0013] 

Further, in the dropping method, if the sealant is 
cured before the one substrate overlaps with the other 
substrate by means of the sealant, it is impossible to form 
the gap between the opposite substrates. 

[0014] 

In order to solve the above-mentioned problems, an 
objective of the present invention is to provide a method of 
fabricating a liquid crystal display device capable of 
improving the conventional dropping method to prevent 
contamination of a liquid crystal caused by a sealant. 

[0015] 

[Means for Solving the Problems] 

In order to accomplish the above-mentioned objects, a 
method of fabricating a liquid crystal display device of the 
present invention is characterized by loading a desired 
quantity of liquid crystal under reduced pressure inside a 
sealant formed on one substrate in a frame shape, 
positioning the other substrate to bring the other substrate 
into contact with the sealant to overlap the opposite 
substrates, and increasing pressure to cure the sealant 
before the liquid crystal is diffused to come into contact 
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with the sealant. In this manner, the sealant is cured 
before the liquid crystal diffused toward the peripheral 
sealant is brought into contact with the sealant, and 
thereby components of the sealant can be prevented from 
being eluted to the liquid crystal. As a result, it is 
possible to prevent deterioration of the liquid crystal. 
[0016] 

Further, the liquid crystal is dropped under the 
reduced pressure, so that no gas is sucked into the liquid 
crystal . 

[0017] 

In addition, after the positioning of the opposite 
substrates in the second process, the pressure is decreased. 
Thereby, no air bubble is left in a cell. 

[0018] 

Further, after the dropping of the liquid crystal under 
the reduced pressure and the overlapping of the opposite 
substrates, the pressure is increased. Thereby, the gap 
between the opposite substrates is formed by a pressure 
difference between inside and outside the cell. Thereafter, 
the curing of the sealant is completed. Then, the liquid 
crystal is gradually diffused to come into contact with the 
sealant. Thereby, the liquid crystal can be prevented from 
being in contact with the sealant that has not been yet 
cured. 
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[0019] 

Besides, in the first process, the liquid crystal is 
dropped at several points on the first substrate, and 
thereby no air bubble is left in the cell. 

[0020] 

Furthermore, as the sealant, an ultraviolet or visible 
ray curable resin adhesive is used. In the third process, 
the sealant is cured by ultraviolet or visible rays. 
Thereby, the sealant can be easily cured before the liquid 
crystal is brouqht into contact with the sealant. 

[0021] 
[Embodiments ] 

Hereinafter, embodiments of the present invention will 
be described in detail with reference to the attached 
drawings. Further, in the drawings, parts having the same 
function are denoted by the same reference numbers, and 
their description will be omitted. 

[0022] 

Figs, la to le are schematic cross-sectional views 
showing a liquid crystal encapsulating method (dropping 
method) according to one embodiment of the present inventio: 
respectively. Fig. 2a is the same view as Fig. Id, and Fig. 
2b is a magnified view of a main part of Fig. 2a. 

[0023] 

First, as shown in Fig. la, a sealant 52 formed of an 
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ultraviolet or visible curable resin adhesive is applied, in 
a frame shape, around an edge of one substrate 12 on which 
an alignment layer (not shown here but see a reference 
number 21 or 22 Fig. 5 or 6). Then, the substrate 12 inside 
the sealant 12 is applied thereon with, for example, a 
solvent that mixes a plurality of beads having a diameter of 
6 . 5 urn. 

[0024] 

Subsequently, a liquid crystal 50 is dropped at several 
points under reduced pressure (e.g., about a pressure of 10 
Torr) using a liquid crystal dropping dispenser 1 (Fig. 4) 
as shown in Fig. lb, wherein the dropping of the several 
points are not shown for brevity) . Further, dropping the 
liquid crystal 50 under the reduced pressure is for 
preventing any gas from being sucked into the liquid crystal 
50. 

[0025] 

Next, as shown in Fig. 1c, the other substrate 11 is 
positioned to the substrate 12. Further, the pressure is 
decreased (e.g. up to about 0.1 Torr), the substrate 11 is 
brought into contact with the pre-cured sealant 52 to 
overlap with the substrate 12. In this manner, the 
reduction of the pressure after the substrates 11 and 12 are 
positioned is for preventing any air bubble from being left 
in a liquid crystal cell 60. 
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[0026] 

Then, as shown in Figs. Id, 2a and 2b, the pressure is 
increased (e.g. up to about hundreds of Torr. A gap is 
formed between the opposite substrates 11 and 12 by a 
pressure difference between inside and outside the liquid 
crystal cell 60, and the gap is formed at a seal portion 52 
at constant pressure. In Fig. 4d, a plurality of arrows a 
indicate the constant pressure. 

[0027] 

Finally, as shown in Fig. le, before the liquid crystal 
50 diffused toward the peripheral sealant 52 comes into 
contact with the sealant 52, the sealant 52 is cured by 
irradiating ultraviolet or visible rays from an ultraviolet 
or visible ray irradiation lamp 7 of Fig. 4. In this manner, 
before the diffused liquid crystal 50 is brought into 
contact with the sealant 52, the sealant 52 is cured. 
Thereby, it is possible to prevent components of the sealant 
52 from being eluted into the liquid crystal, and thus to 
prevent the liquid crystal from being deteriorated. In 
addition, the liquid crystal 50 can be prevented from being 
leaked out through the sealant 52. 

[0028] 

Fig. 3 is a flowchart of the liquid crystal 
encapsulating method shown in Figs. 1 and 2 in accordance 
with one embodiment of the present invention. 
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[0029] 

The flowchart of Fig. 3 is as follows: (1) preparing 
one substrate 12 , (2) printing an alignment layer and 
rubbing, (3) forming a sealant 52 on the substrate 12, (4) 
dropping a liquid crystal 50 inside the sealant 52 on the 
substrate 12 (under reduced pressure), (5) positioning the 
substrate 12 and the other substrate 11, (6) decreasing the 
pressure again, (7) bringing the substrate 11 into contact 
with the sealant 52 to overlap with the substrate 12, (8) 
increasing the pressure to form a gap between the substrates 
11 and 12, and (9) curing the sealant 52 before the liquid 
crystal 50 is brought into contact with the sealant 52. 

[0030] 

Fig. 4 is a schematic overall cross-sectional view of a 
liquid crystal encapsulating apparatus used for the liquid 
crystal encapsulating method of the present invention shown 
in Figs. 1 to 3 . 

[0031] 

Among reference numbers, 2 is for a vacuum chamber, 3 
for a substrate withdrawal slider, 4 for a substrate 
withdrawal port, 5 for a XYZ0 table, 1 for a liquid crystal 
dropping dispenser, 6 for a substrate positioning optical 
system, 7 for an ultraviolet or visible ray irradiation lamp, 
11 and 12 for substrates, and 60 for a liquid crystal cell 
formed by overlapping the substrates 11 and 12. 
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[0032] 

To be specific, the substrates 11 and 12 are adapted to 
move in and out of the vacuum chamber 2 by opening and 
closing the substrate withdrawal port 4 to get the substrate 
withdrawal slider sliding in a direction of an arrow C. The 
XYZ0 table 5 mounted with the substrate 11 moves just 
beneath the liquid crystal dropping dispenser 1, and then 
the liquid crystal is dropped from the liquid crystal 
dropping dispenser 1 onto the substrate 11 inside the 
sealant. Then, positioning is performed in such a manner 
that the XYZ6 table 5 mounted with the substrate 12 moves in 
X and/or Y directions as wall as in a 0 direction, and at 
least two positioning marks (not shown) provided on each of 
the substrates 11 and 12 are detected to overlap with 
accuracy by the substrate positioning optical system 6. 
Thereafter, the pressure is increased and the XYZ9 table 5 
moves in a Z direction, so that the substrates 11 and 12 are 
- laid over each other and bonded through the sealant. Then, 
the XYZ9 table 5 mounted with the liquid crystal cell 60 
combining the substrates 11 and 12 moves in a direction of 
an arrow D, and the sealant is cured by the ultraviolet or 
visible ray irradiation lamp 7. 

[0033] 

As set forth above, according to the liquid crystal 
encapsulating method or the dropping method for the present 
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embodiment, because the liquid crystal is not brought into 
contact with the sealant that has not been cured, it is 
possible to prevent the liquid crystal from being 
contaminated or from being leaked out through the sealant, 
and thus it is possible to guarantee a high yield of 
fabrication. As a result, the dropping method can be put to 
practical use, and the following effects are produced over 
the conventional injecting method which has been generally 
used. To be specific, a time to encapsulate the liquid 
crystal can be shortened from 3-10 hours of the injecting 
method to about 10 minutes, so that it is possible to 
improve production efficiency. Thus, the liquid crystal 
display element can be made in a big size and with high 
precision. Further, it is possible to prevent contamination 
of the liquid crystal by the dipping, waste of the expensive 
liquid crystal by the dipping, mixture of air bubbles into 
the liquid crystal during the injection, generation of 
vacuum bubbles, and mixture of air bubbles during sealing 
after the injection, all of which are found in the injecting 
method. In addition, because the injection port is not 
required, it is necessary to wipe out the liquid crystal 
around the injection port after the dipping, and to cleanse 
the liquid crystal attached on the gap portion between the 
opposite substrates around the injection port, so that it is 
possible to decrease the number of fabrication processes, to 
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make production reasonable, and to shorten a production time. 
[0034] 

«Simple Matrix Type Liquid Crystal Display Device)) 

Fig. 5 is a perspective view of a main part of a liquid 
crystal display element 62 in a simple matrix type liquid 
crystal display device to which the present invention can be 
applied . 

[0035] 

In Fig. 5, in order to orient liquid crystal molecules 
to have a twisted spiral structure between two upper and 
lower electrode substrates 11 and 12 between which a liquid 
crystal layer 50 is fitted, there is a so-called rubbing 
method of scrubbing, with for example a cloth in one 
direction, surfaces of alignment layers 21 and 22, which are 
formed of an organic polymeric resin such as polyimide and 
come into contact with the liquid crystal, on the 
transparent upper and lower electrode substrates 11 and 12. 
Here, scrubbing directions, namely rubbing directions: one 
66 for the upper electrode substrate 11 and the other 67 for 
the lower electrode substrate 12 become arrangement 
directions of the liquid crystal. The two upper and lower 
electrode substrates 11 and 12 oriented in this manner are 
faced to have a gap dl such that their rubbing directions 66 
and 67 are intersected in a range between about 180 to 360 
degrees, and then are bonded by the frame-like sealant 52. 
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Then, a nematic liquid crystal having positive dielectric 
anisotropy, to which a desired quantity of optically active 
substance is added, is encapsulated in the gap using the 
method shown in Figs. 1 to 3. Thereby, the liquid crystal 
molecules have a molecular arrangement of the spiral 
structure between the electrode substrates at a twist angle 
0 in Fig. 5. Further, reference numbers 31 and 32 denote 
transparent upper and lower electrodes formed of, for 
example, ITO (Indium Tin Oxide) . A member AO (hereinafter, 
referred to as a birefringent member) producing 
birefringence effects is disposed on the upper electrode 
substrate 11 of a liquid crystal cell 60 constructed in this 
manner, and upper and lower polarizers 15 and 16 are 
interposed between the member 40 and the liquid crystal cell 
60. 

[0036] 

The twist angle 0 of the liquid crystal molecules in the 
liquid crystal 50 may have a range between 180 and 360 
degrees, preferably between 200 and 300 degrees. However, 
most preferably, twist angle 0 has a range between 230 and 
270 degrees, from a practical viewpoint that a lighted state 
around a critical value of a transmittance-to-applied 
voltage curve avoids a phenomenon having light scattering 
orientation and maintains a good splitting characteristic. 
This condition basically serves to realize the good 
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splitting characteristic by making a response of the liquid 
crystal molecules to the voltage more sensitive. Further, 
in order to obtain an excellent quality of display, a 
product An x *di of refractive anisotropy Anx and thickness di 
of the liquid crystal layer 50 is preferably set to a range 
from 0.5 to 1.0 jim, and more preferably from 0.6 to 0.9 urn. 
[0037] 

The birefringent member 40 serves not only to modulate 
polarization of the light transmitting the liquid crystal 
cell 60 but also convert display of only colored colors into 
display of white and black in a unit cell of the liquid 
crystal cell 60. In this end, a product An 2 »d 2 of refractive 
anisotropy An 2 and thickness d 2 of the birefringent member 40 
is very important, and is preferably set to a range from 0.4 
to 0.8 pin, and more preferably from 0.5 to 0.7 \xra. 

[0038] 

Further, since the liquid crystal display element 62 
makes use of elliptical polarization by birefringence, 
relationship between axes of the polarizers 15 and 16, an 
optical axis of the birefringent member 40 when it is used 
as a uniaxial transparent birefringent plate, and liquid 
crystal arrangement directions 66 and 67 of the electrode 
substrates 11 and 12 of the liquid crystal cell 60 is 
extremely important . 

[0039] 
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However, as shown in Fig. 6, an optical shield film 33D 
is provided between red, green and blue color filters 33R, 
33G and 33B on the upper electrode substrate 11, and thereby 
it is possible to display many colors. 

[0040] 

Further, a smooth layer 23 of an insulating material is 
formed on the respective filters 33R, 33G and 33B and the 
optical shield film 33D in order to reduce influence of 
their unevenesss, and then upper electrode 31 and alignment 
layer 21 are formed. 

[0041] 

Fig. 7 is an exploded perspective view showing a liquid 
crystal display element 62, a driving circuit for'driving 
the liquid crystal display element 62, and a liquid crystal 
display module 63 integrating a light source in a compact 
manner . 

[0042] 

A semiconductor IC 34 driving a liquid crystal display 
element 62 is provided with a window for inserting the 
liquid crystal display element 62 in the middle thereof, and 
is mounted on a printed board 35 of a mold frame on which a 
liquid crystal driving circuit is formed. The printed board 
35 inserting the liquid crystal display element 62 is 
inserted in a window of the mold frame formed of a plastic 
mold. This result overlaps with a metal frame 41, and a 
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nail 43 is folded into a cutaway 44 of the mold frame 42. 
Thereby, the frame 41 is fixed to the mold frame 42. 
[0043] 

An inverter power circuit (not shown) for turning on 
the cold cathode fluorescent tubes 36 is received in a 
recess (not shown and opposite to a recess 45 of the 
reflective plate 38) formed on a right rear portion of the 
mold frame 42. The diffusing plate 39, the light guide body 
37, the cold cathode fluorescent tubes 36, and the 
reflective plate 38 are fixed by folding a tongue member 47 
provided on the reflective plate 38 into a small hole 47 
formed on the mold frame 42. 

[0044] 

Figs. 8 and 9 show examples of employing the liquid 
crystal display module 63 shown in Fig. 7 to a display 
section of a lap-top PC, respectively. 

[0045] 

Fig. 8 shows the example in a block diagram, and Fig. 9 
shows the example mounted on the lap-top PC 64 . A result 
computed at a micro-processor 4 9 is for driving the liquid 
crystal display module 63 at a driving semiconductor IC 34 
through a controlling LSI 48. 

[0046] 

Although the embodiments of the present invention have 
been illustrated and described, it will be apparent to those 
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skilled in the art that various changes and modifications 
can be made without departing from the spirit of the present 
invention. For example, the present invention may be 
applied to simple matrix type liquid crystal display devices, 
active matrix liquid crystal display devices of a 
longitudinal or transverse electric field type, or liquid 
crystal display devices of a COG (Chip-On-Glass) type 
[0047] 

[Effects of the Invention] 

As set forth above, according to the liquid crystal 
encapsulating method or the dropping method for the present 
embodiment, because the liquid crystal is 'not brought into 
contact with the sealant that has not been cured, it is 
possible to prevent contamination of the liquid crystal, and 
thus to improve a yield of fabrication. As a result, the 
dropping method can be put to practical use, and the liquid 
crystal injection time can be considerably shortened, and 
thus it is possible to improve production efficiency. 
Further, because the injection port is not required, it is 
necessary to wipe out the liquid crystal around the 
injection port after the dipping, and to cleanse the liquid 
crystal attached on the gap portion between the opposite 
substrates around the injection port, so that it is possible 
to decrease the number of fabrication processes, to make 
production reasonable, and to shorten a production time 
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(lead time) . In addition, because the problem on the long 
time of the liquid crystal injection process, with which the 
conventional injecting method that has been generally 
performed is confronted, can be overcome, the effects of the 
present invention are remarkable, whose values are gradually 
increased . 

[Brief Description of the Drawings] 
[Fig. 1] 

Figs, la to le are schematic cross-sectional views 
showing a liquid crystal encapsulating method (dropping 
method) according to one embodiment of the present invention, 
respectively. 
[Fig. 2] 

Fig. 2a is the same view as Fig. Id, and Fig. 2b is a 
magnified view of a main part of Fig. 2a. 
[Fig. 3] 

Fig. 3 is a flowchart of a liquid crystal encapsulating 
method according to one embodiment of the present invention. 
[Fig. 4] 

Fig. 4 is a schematic overall cross-sectional view of a 
liquid crystal encapsulating apparatus used for a liquid 
crystal encapsulating method of the present invention. 
[Fig. 5] 

Figs. 5 is a schematic overall perspective view of a 
liquid crystal display element in a simple matrix type 
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liquid crystal display device to which the present invention 
can be applied. 
[Fig. 6) 

Fig. 6 is a partial cutaway perspective view of an 
upper electrode substrate of a separate color liquid crystal 
display element of a simple matrix type. 

[Fig. 7] 

Fig. 7 is an exploded perspective view of an example of 
a simple matrix type liquid crystal display module - 
[Fig. 8] 

Fig. 8 is a block diagram of an example of a lap-top PC 
assembled with the liquid crystal "display module of Fig. 7. 
[Fig. 9] 

Fig. 9 is an appearance perspective view of a lap-top 
PC assembled with the liquid crystal display module of Fig. 
7. 

[Fig. 10] 

Figs. 10a to lOe are schematic cross-sectional views 
showing a conventional first liquid crystal encapsulating 
method (or an injecting method) , respectively. 
[Fig. 11] 

Fig. 11a is a schematic cross-sectional view showing a 
conventional, second liquid crystal encapsulating method (or 
a dropping method), and Fig. lib is a magnified view of a 
main part of Fig. 11a. 
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[Reference Numerals] 

1: liquid crystal dropping dispenser 
11, 12: substrate 
50: liquid crystal 
52: sealant 

60: liquid crystal cell 

2 : vacuum chamber 

3: substrate withdrawal slider 

4: substrate withdrawal port 

5: XYZ9 table 

6: substrate positioning optical system 

7: ultraviolet or visible ray irradiation lamp 
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Legends to be inserted in the drawings 
Fig. 3 

(1) Prepare substrate 12 

(2) Print alignment layer and rubbing 

(3) Form sealant 52 on substrate 12 

(4) Drop liquid crystal 50 inside sealant 52 on substrate 12 
(under reduced pressure) 

(5) Position substrate 12 and substrate 11 

(6) Decrease pressure again, 

(7) Bring substrate 11 into contact with sealant 52 to 
overlap with substrate 12 

(8) Increase pressure to form gap between substrates 11 and 
12 

(9) Cure sealant 52 before liquid crystal 50 is brought into 
contact with sealant 52 
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(5?) mm 

[i?j**a] hett\ -m>s«i 2±iz#mcmif 

aaTr-r^y-9-i ^6HfrKao»a5 o*STU 

i u 1 2(c*>-^M5 2«ttM««raM«>^ ig 

ELTi^glgl 1, 1 20¥*y7lHL*fTl\ 




tti pit ^ a 



1 

BBSS 4] MES'-rt'fflfcLT* mftWLZrzlttfflt 

«ft«ttffi««»j«:fflt\ aaE583<oxet*$t-T. as 

[000 1] 

<0Hlfl*fflTTata£*>g\ *<OPaiRfcaaifcSA'tS 
[000 2] 

^ KPis«noanHKc«K war fDjo*«) kr 

-;M>J©rt§>OIIWSIBtK»*»jtL, 

connate ^ti^tiffl^tR^sttrftsaaa**? or 

fcto*. ttAS^fl!* »SS5^*;k LCD 

[0003] 01 0 (a) - (e) tt, WkO&Wfa 

[000 4] $T\ (a) ^-Tcfc^lC, Eftflg (CC 
Tttfficffi. ^5, 6^2 1, 2 2*R) £JfJ/£ 
Lfc2ft©S«©?50-#<DSI«l 2eOE(nM_t(C. 

ftSSS'-AflJ <«»«) 5 2*&*LTJBJSTS. 



2 ) KM? 11-10 9 3 8 8 

2 

[0 0 0 5] &£] 20EftK±Jc. &&<omi 

tO\*-X&frtt*2&toWm<0#*v7 (PUPS) * 
MM-***— 9" (B^ttK) «»lfc*«fc*. tttE l 
2lc»LTSfil l*ttH£to-SU (b) 
fc, Sfil l*B!fl:tt©5/->U*J5 2fc*llk**, KS/ 
-/l/»]5 2£ftLTfttfi<Dg«1 l*ffifa&btf, BAD 

[0 0 0 6]», (c) E5Vr.fc5fc. 2ft<OEg« 
13,1 4*ftLTM 1 2 fc 1 1 ICEA*Mt, «fk 
10 aiH0S/-/MPJ5 2tJ:Dtt»LTiS<D-b;l/6 0«:ft«-r 

So 

[0007] «ETT\ (d) fc5Vr*9fc, « 

B B a iiAn 5 i *\ ttaim i 7 1 AftfcffluH 5 o 

LfcflL igfEL (*SRETfcRL) . E£MK J; 9 ®if B 
5 O*40-fe/P6 OrtSPfcttAi'So 
[0 0 0 8] g&fc, (e) ft*?**!^ ttBSAP 
5 l£i*±fflH§ 1 8T*t*itr§p C<D£?£ 

»Si4A£ftU:* &A££ft2n£o 
[0 0 0 9] Hll 1 (a) fcL tt*<DS2(D«flSAffl 
20 MTtt) **VT««»rffiB. (b) (i (a) OS 

[0 0 10] S-f, (a) fcif^Mc, EMM (BS* 
«*) *JB*LftBfil 2«>ElRlM±«c* asaAPt 
Mtt4t^ *M«fc:s/-;l/«M5 ;^T\ 
ffitSl 2©EMM±fc^-* (H^«RS) 

3»C, MSffil 2©**»fc&Kfi<OiSfi5 0*« 

t-tso ^fc. JSfii 2^ssi i tzmmstti^ 

mitm<Ozy-)Vm 5 2 LTflS£©S« 1 1 «rffita-& 
Etfil3, 14^LTl«12tIfil it 
30 E*«:*Ht, JKSSOJ&PaiB^WcJtR^Hi:, SibBljO 
'>-;l/ffl5 2{cJ;0Sfil 2fcSfii l 

BBLTtt, HAtf, 4$ffl«6 3- 1 7 9 3 2 3^«kl 
[0 0 1 1 ] 

«i K i 2H<DPaiBliaMmi:3f««j:»t^T\ CO 
&^^£$JI£&AtS<£lc3-~l O^ffllfcS^H* 

40 ^t, sasaw«<, «aas*^o*a!ffc, amm 

»*it«ofcft(oii«ia(DaAp»o»aoa$ffi o r 
56, ftAP»ist8ows«^iiBiwwfcf*aLfc«ao«c 

[0 0 12] Cti^cOB8H*j»tt^S*j56fcLT, S9E 



3 

OTi*fflLfco-r*Baffl^*s (si i (b) o 

»J*tf. t9E»BPB6 3 - 1 7 9 3 2 39fiflfcJ3tr«T 

COO 1 4] *fKB<oaWtt. SlftS*£tiT^3»T 
[00 15] 

-»OB^fc*WfcWtfcS/-;l/»J©j*i§||lcBTKao 
[0 0 16] fcfe, S&<D»T** MEET-eff^cfcfc 

[oo 1 7j S2®ie<ois«ififiH#t>*a 

[0 0 1 83 $fc igETO?g 0 B B ^Ti:^g^m^ 

[0 0 19] i/c, Bufefg 1 <DlSfcfc^T* S 1 OS 
[0 0 2 0] ffiE->-;l>»Ji:LT, se*M6Sfc« 

B»cHftT*« Q 
[00 2 1] 



3 ) RH7 11- 1 0 9 3 8 8 

4 

[0 0 2 2] 01 (a) - (e) tt. #^]O-^fi6<0 
ff3g<DS,&tiA8i£i£ (SSTtt) **TH*XtlMBBB 
T-i&So ^2 (a) ti, SI (d) fcPttOH, (b) 
(i (a) ©«aBtt*HT*S. 

[00 2 3] 3*3% (a) «c*T J: EAR (c: 
T-ttHS^Bo 0 5. 1> 2 2$S) 

Lfc-awsisi 2fDjiiiiaic. sg^tt*fc«pjm«« 
fla!»BaaiSij^&4s^-;u»j5 2 

10 £ G 5/-;l/»]5 2©rt»DWRi 2±(c, m«f 

ft* *o 

[002 4] *C MET (flfSiif 1 OT o r riS) 
fc*V*T, (b) £^f«fc5lc, R^Tr-fX^y? 

[0 0 2 5]*:, ( C ) KS*f J:5JC, Sffil 2tc*f 
20 LT«6£<D8fil l*ttH*fc-£U 26fc:MELT 
(#J*tf0. 1 To r rfijfi) , Mfeflj05'-/U#j5 2 
«CS«1 1 «8ftt**Tffi**Sfctf £ 0 &*5, SSI 
1, 1 2<BttH£fcHM&lC, ^^tjgSE-r^Ott, «A 

[0 0 2 6]*!:, (dK B2 (aK (b) f^iT 
t9EL (WAtfKBTo r rfiffl) . »S-b/V 
6 0rttt<DE^JC<fcD. SSSfil K I 2KKCB8IH* 
J&SU »ET->-;l/5 2ff©4 !r ^y^tfJL*fif5o 4 
43, (d) (OfflttO^EDAti, »E*S'T. 
30 [0 0 2 7] (e) (C^t<k 9 a»8P©'> 

-;b?RJ 5 2 (CftfroTHtRT 5 0^v-;Wl 5 2 

(csfls-r^Butc, H2o«^»sfc«4Rra«!H«5>y 

5 2 icmm? Stufc 5 2 C tic 
5/-;^Joj5£»^«Srtti:«tfiLTifii5&«Sl5fk? 
*40*Kfjh-e*, Sft. «fi 5 Otf 5 2*6 

[00 2 8] H3tt. 1L 2t»Lfc*J8HHO-*il 

[0 0 2 9] <DSfi!2<0»jg, (JKlpJitm 

S^i 2±(OS/-;l/#J5 2rt«BK:ffl[a5 0jBT (ME 
T) , <S@ffil 2i:SSi i {:0>fikBftt>«* ©$?>tc 
iSE, ®Sffi l l ^i/-;U?PJ5 2icgM^^TSfi l 2 
^mfe^t?^. (BHQEL, Sffil I hSSl 2HW>4*+ 
Vf&L^ ®f$u r &5 O0)->-7l/9J5 2^\Ogfift«u<0. -> 
-;l/W5 2«<tT*fe5 0 
[0 0 3 0] H4tt, 0l-3tC^b/*c*?ge^fSD B Bt4 

50 miLmcmtzm&&}j®±L&mmto£m®® 



5 

[0 0 3 1 ] 2tti f J?8f-*>/^ 3(iSfimLAtlX^ 
49. 4(i^ffimLAftP. 5liXYZBr-7;W l 

fi* 6 0tegfil 1, 1 2£fifc£tfT&£f£ B B 0 -fe;l/T 
[0 0 3 2] "fftfc^ gffil 1 1 2«. gfittLA 

xtix^-f ^ 3 tc j: o k^t- * v/s 2 rtfctti l xn-r 

STFr-f X'O* 1 4)RTfc»HlU ift&«T7V 
£o ££i 2 ftX \ 2 9 9-7>l 5 X 

iSEU XYZ0r-7;U5^mZ^fp]tC^ 

cfcfci; 9, Sffil I fci 2k*S/->MB*^ 
LTSte^fc*. fttt)£*Xt& 0 i^Sffil 1, 1 
2 «S#^*>tf fcSft-fe/l> 6 0 OiiiK^ ft X Y Z 0 f — >r 

[0 0 3 3] &L±mWLtc£?lC, **tt<DJB«Ttt, 

3~i ostium 6 1 oftasafcuswe*. smtmitft 
fi^oafioiBA, M*?a<o«*. aA»flo»±»<osi 

*&BA<0R£*G&ik?** o ttAPA^HftO) 
r£APgpo^B B oCD«^^0^. ffi AP8Eft&<Dffi 

[0034] am-* h u ^ ^^^fS B s nS^ss> 0 5 

[0 0 3 5] B5*Cfc^T, & B B B /I5 0*&£rfS2ft 
*&fc*aMfl&±. T^&S&l K l 2±0X fiBtc 



4 ) t#BB¥ l l - l 0 9 3 8 8 

6 

©fc£<Dcr*fifnk ?*to*>7\£>9l5fas ±3ift& 
Si HCfe^T(45e>y^|Ri6 6, "RBttStRl 2fc 

fill, 1 2%^n ; PtltOvlfy^r6]6 6, 6 

8 If 1 8 0 ffifr & 3 6 0 Ifl T'£XT « <k 9 «c «B» d 
. *fcfc-£T»lRl*^ 2&<DtB@g«l U 12^ 
*MROS/-^#J 5 2fc£9tt*U f-OHBRfcKOKfl 

SljiO^E^Jfc-f * 0 3 1, 32 B*ttf?ftM 

*tf&{fc>f>:^i* (i TO :4>i/VL *y 

>f KClndiua Tin Oxide)) ^fr6fc52W£±, ~F®8& 

M4 0 43 *tflSa-b;l/ 6 0 «rt*/uT±, Td^fi l 
20 5,1 6tfStt5tt£ 0 

[0036] isa5ofc«5*ta«a»?<otai:nftfl« 

< tt 2 0 0 fifr 5 3 0 OfiTfe^^ 
fflWfta^*^1-*ltf, 2 3 0**6 2 7 OftOKHtf 

30 *«JB5 0Offl»f*a^ttAn,t^<0JP^d,©«An 
, • d, tiffS L<«i0. 5 ftm*6 l.O/irn, cfcOfff 

[0037] mm^m* 4 0 «^ B B H -t?;i/ 6 0 zmm? a 
ta«-r5fc<0T*a o c^/ci6{c«^^fa5«4 00 

JSSf^a^TttAn.k^O^d.tDSAn, • d,*fi* 
TSHT, »IL<{iO.4jim/)>60.8/im, <t0» 
40 $L<(i0. 5 |im*60. 7 /imO^ffltClS^t* 

[0 0 3 8] 2 6^. CO«i%*^* : ?6 2tt»HSr<c 
*S*raB3e*«fflLTl^OTiB«fil 5, 16^ 
ffiSUfg{5«4 0 k LT-|ffittOg^ffiS»f*^ffiV> 
6«*tt*©**Hfc, aa-b;l/6 0<DfflffiStEi l , 
I 2<D?RSE?J>JrSl6 6, 6 7fccOHfttfffi*TaST 

[0 03 9] fcfc'U H6teijVr*0<, ±m«6S«l 1 
±«C#, A^3 3R, 3 3G, 3 3 

B, S7-f/U*-|gS©ffltert3g>fc|g3 3D*Stt5C 
50 fct*?). ^feS^SIfilfC*^. 



7 

[0 0 4 0] 0 6IC:fc^Tte, ^7^;l/?3 3 

R, 33G, 3 3 B. 7fr£0ftl£3 3D<D±iZ, C*l6(D 

«a^nfc±cc±«H3 1 . eras 2 umaLstix^ 
[0041] B7«u ««s^x?6 2 c<dbji8 

[0 0 4 2] 6 2%afft-r-5*®» I C 3 

SIS 3 5lcjge£ti& 0 KfiS^ifrFe 2*Kfci&A,« 
4 l*Sta, ^<DJI\4 3*»«(*4 ZtJgJjtStlTt^ 

«*4 2tcs^-r^ 0 

[0 0 4 3] XH@i76 2 0±T«BtBaStl5ft 
Pgtl&TtW 36, C <0*&ISB£ftg 3 6*^ 

*a*-fe;i/ 6 0 tJS— fcBB**-** fcor * u & 

fcEli«3 8. ^7fef*3 7fr&©ft*tMM-*?Lfift© 
3 9 0 7 T\ 4 2 OSffl!^ 6 *<D 

BaMcttcftj&Sti*. »KB«J£«3 6«rjfi«rr*ft* 

«WK:!R^6nftEIB (BB*rf. 3 8 coiHjRfr 4 
5fcfllft*SffcBfc:*So ) tClR#J£tl5o MM 3 
9, $^#3 7, »»a*JtB3 6*5J:tfSltfi3 8 
14. S»fi3 8iCfilt6tlTt^Sft-4 6«$«tt4 2 
fc»tt&*vcvS'hP 4 7 rtfcSrD&W ttc& om 

[0 0 4 4] 08. 914, B7^LfciRaa^s;a 

[0 0 4 5] iSCWn-y^^V/^^ 09 

L S I 4 8 4^LTBlW8¥»tt I C 3 4 TBfiSa** 

[0 0 4 6] «±*»TO%S6»OJB<itS^^Tft{*W 

OT«4<, *€«B«8RLftt>BBfc*^TB*S 
»5«iTSScfct4toBTfc*. w^ttf, m 



5 ) ftHFF 1 1 - 1 0 9 3 8 8 

8 

[0 0 4 7] 

OJ«HJLfcJ:$fc, *5WHk:J:nfcf, 
»TKKJ:3»^ABjfc»aycfc^T. BAtfSBIk 
0->-;b*Jl:SM*Lft^fe». «a©j5Jft*ISIS?±T*c: 

AttK5ttS^P»D^0a#rc9B5k SAPg& 
0, BiBlBStffiBU £B0ft»L SBfiPHIU (V 

a©RWBWtonB*iiB*-e**fci6, *fSE*)%mi4 
[01] (a) - ( e ) *$m<o-$zm(D&mv>m 

B^A^xffi BTtt) *^^«*Xfi«rffiB'P«*. 
20 [02] (a) Ull (d) tl^t£<D0, (b) C4 
(a) OB«Bt*0'Pfe5o 

[03] *^0-^0»»0»ttt*A»ftft07D 

[B4] *^(D^ 0 s H ^Amii»c^-r§^r B MAii 

^Bo^%^?o^i»e^flfiBT««. 
[06] $mv h u ^x^aoBuo^^-jwa^jR? 
o±B«Wfiaw)-asww»aBT**. 

30 [07] m*fiv h U 9 X£X0»ftS^*^*-d/<0- 
HOSWIKHBBT**. 

[08] B7 0« B mT^^a-;l/*IH*ii^^y^ 

[09] B7<oBaa/T^^a-^*fi*a^7y^ 

[010] ( a ) - ( c ) iiW^om 1 OfcAttABfi 
ffi (ttAft) *5ST«MXS»ffiBT-&3 0 

[011] ( a ) »«*<DB 2 <0» B ^ i* ABiffi («T 
m fcS^tUBRBB. (b) (i (a) OBMABT 
40 fe^>o 

1 ---BMTF-r-f 1 K 1 5 0 - 

V^, 3-aKHJLAtiX5^^ 4-SfiWLAtl 
5 -XYZ 0r-7/k 6-SfiffiB^t)«)t* 
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[06] 



B36 
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S3 , 3 V» 
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(8) 



mm 1 1-10 9 3 8 8 
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UBBT 1 1-10 9 3 8 8 
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